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dachi na Rep roduc a tr 1 x 
DR. A. J. ANGYAN, Physiological Ins t i tu te ,  Budapest. 

A descr ipt ion of the demonstration is given on page 933. 

The growth of concepts and t h e i r  physical  analogues. 
MR. G. PASK, System Research Ltd., London 
This demonstration is described i n  the Appendix t o  Mr. Paskfs 
paper, Sesslon GB, Paper 7. 

Conditional Probabi l i ty  Computer 
DR A. M. AMDREW, NPL. 
A deSCriptiOn of the demonstration is given on page 945. 
Further de ta i l s  of the Conditional Probabi l i ty  Computer are 
given i n  t h e  papers by Dr. A. M. Uttley, Session 1, Paper 5 
and by Dr. A. M. Andrew, Session 3, Paper 5. 

A Simple Computer f o r  Demonstrating Behaviour. 
DR. W. ROSS ASHBY, Barnwood Hoube Hospital, Gloucester. 
A descr ip t ion  o f  the demonstration is given on page 947. 

Automatic Pat tern Recognition 
DR W. K. TAYLOR, University College, London 

A descr ipt ion of the demonstration is given on page 951. 
See also the paper by Dr. Taylor, Session 4B, Paper 5. 

Automatic Speech Recognition 
PROF. D. B. FRY and MR P, DENES, University College, London 

See the paper by Prof. Fry and Mr. Denes, Session 3, Paper 2. 

RRE Library  Retrieval System 
MR S. WHELAN, Royal Radw Establishment, Malvern. 
A descr ipt ion of the demonstration is given on page 953. 

DEUCE: Experiments r e l a t i n g  t o  visual perception and simple 
self-mod1 fylng programmes 
CME Division, NPL 

ACE: Automatic Computing Engine. 
CME Division, NPL 
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10 Optimal  Coding Device 
MR P. E. DONALDSON, PhySlOlOgg Dept., Cambridge University 

This demonstration is descrlbed in  the Appendix (by 
Dr. B a r l o w  and Mr. Donaldsod to  Dr. Barlow's paper, 
Session 4h, Paper 1. 

11 The Grouped Symbol Assoclator (an aid to Medical Dlamosis) 

This e m i b l t  is fu l ly  described in the Lancet, April 24th, 1954, 
pp. 874-5. See also Dr. Nash's contribution to  the paper by 
Dr. Paycha. Session 4B, Paper 4. 

DR F. A. NASH, Western Hospital, London 
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H A C H I N A  R E F R O D U C A T R I X  

. 
A!! ANALOGUE MODEL TO DEMONSTRATE 2OME ASPECTS OF NZURkL ADAPTATION 

DR. A. J. .QIGYAN 

MEMORY has always presented an im2ortant problem to  physiologists and 
neurologists, and there have been many attempts to  in te rpre t  the brain and 
i t s  memory function by phys lca  analogues o r  i l lustrat ions.  The early ones 
included Dubois Reymond, Pavlov (ref. 16) who used telephone analogues f o r  
both uncondl tioned and condltioneC reflexes, and the Hungarian neurologist, 
Jendrasslk (1912) who used analogles of physical  induction and resonmce. 
More recent theories of conditioned reflexes Young (1938, ref. 22), Hllgard 
and Marquis (1941. ref. 91, gonorskl (1948, ref. 121, and Hebb (1949, ref. 8) 
used similar ideas in attempting to  make hypotheses on p l a s t i c  adaptation 
using various electronic circuits.  All-ornothing features of synapscs were 
detected by microelectrode studies and discussed by McCulloch and P l t t s  
(1943, ref. 13) ,  and by Eccles (1953, ref. 6). Crag and Temperley 
(1954, ref. 5) used electromagnetic phenomena, 1. e. f i e l d  processes. 

However it ic clear  that  dll these analogies are only very tentative 
ones, even i f  they do show some features of the brain. They are useful in  
helping t o  explain the meaning of biological terms, and, not l e s s  important, 
they may help to  c lear  up e r rors  and inconsistencies i n  our terms, and of 
the physlcal analogues associated with them. Physiologists are obliged to 
define clear ly  the concept of memory as a mechanism of a highly organized 
complex l iv ing  system. 

Machina Reproducatrlx, which is shown here (photo, fag. 1) is a model 
which attempts to  demonstrate some, but not a l l ,  o f  the recencly formulated 
concepts of  nervous adaptation. I t  is based on Dr. Grey Wdlter's Machina 
Speculatrlx and its development Machlna Docills. I t  is a re la t ive ly  simple 
analogue model of a simplified pattern of the innate and acquired reflex 
connections of a l iv ing  being. I t  is a simple model compared with the more 
refined concepts of Dr. McCulloch (ref. 14) o r  Dr. Rosenblattl s perceptron, 
Dr. Uttley (ref. 19) and h i s  Conditional Probability system o r  Dr. Ashby 
(ref. 4 )  and h i s  hzbltuation and homeostat models. 
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The model has two o r  three receptors, for light, sound, and mechanical 
input. The signals from these receptors are  relayed throu& ttdo control 
'centres" each of which controls a motor; t h i s  dichotomous control serves 
t o  aemonstrate a basic innate pattern of behaviour. (There is i n  fact a 
very important oichotomy inherent i n  a l l  behaviour, between weiel L-oriented 
arid d i r e c t e d  goal-see k iiig and random sea re h ong. I 

Like most l i v ing  things, the model, i f  once aroused, searches f o r  a 
goal f o r  one o f  Its tropism o r  inborn unconditioned reflexes. I t  searches 
for  l i gh t  because of  a connection oetween Its photo-receptor and effector 
motors. This behaviour, which is dominant i n  the system, is  disturb-ed o r  
inhibited by any other stimulus impinging on i ts  mechaqlcal o r  acousticel 
receptor systems. 

But extreme strength o r  duration o f  the or iginal  doininant stimulus 
causes the model t o  seek a new dominant cue. This i l l u s t r a t e s  another 
principle of re f lex  ac t iv i ty  which never allows an organism to  follow any 
drive continually: by switching o f f  the driv-e a t  some level o r  a f t e r  some 
time i t  starts a search f o r  a new stimulus. Analogies o f  t h i s  can be 
found both in  whole organisms and i n  my a r t i f i c i a l l y  separated par t  of 
tneir  nervous system. Two teleological principles seem to be involved, but 
by introducing the concept o f  posltlve o r  negative feedback the organiza- 
tion can be seen to  be very six@Ay determined. 

ORIENTING 
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A logical concept o f  condztzonzizg and karnzng  was b u i l t  up by Dr. Grey 
Walter in h i s  lCOR;ll and we must study ttie action of  'CORA' brief ly  before 
going on to  the next stages. Ftyure 2 is a block diagram drawn in similar 
form t o  Machim Reproducatrix. The fir-t, three logical  elements of Dr. Grey 
h'al ter '  s model can show a behaviour analogous t o  tha t  bhlch may happen in  
every instant of a l e r t  ac t lv l ty  of the brain centres, Two stimuli, mich 
originally were temporally o r  spa t ia l ly  separated, may meet on one o r  more 
synapse of the brain, ensuring alertness which is a basis f o r  receiving 
cormnunicatlons from the evternil world. In 'CORA' t h i s  can hap en if (a) 
the  original driving o r  t rop is t ic  stimulus is d i f fe ren t ia ted  (I!* corres- 
pondlng to the on-off e f fec ts  produced by appropriate synaptlc connections 
a t  sensory inputs t o  the brain. (b) a second non-dominant o r  neutral 
stimulus preceding the dominant one is delayed in  i t s  effect(2) (COrreS- 
pondlng to "af te r  discharge" o r  widespread non-specific activation of 
synapses). (c) the two signals s a t i s fy  the necessary condi tions, e. gi 
coincidence, swmatlon ( 3) 

So f a r  there are no d i f f i cu l t i e s  i n  emlainlng these features of necron 
behaviour, but for building up a conditioning process a further logical 
ste:, has to  be introduced, This involves 3. temporal sumation of  the Over  
lapping coincidence areas o r  the probabili t ies of  the two s t imul i .  In  the 

nevertheless i n  a nervous system it m a y  involve a more refined mechanism 
e.g. it may work on principles similar t o  Dr. Uttley 's  conditional probabi- 
l i t y  system. 

Dr. Grey Walter points out that a nervous system, working as  a learning 
box must rule out sheer chance and reach a threshold of coincidence for  
conditionin& There have been many hypotheses of conditioning, e.g. i n  the 
neurophwlologically almost correct work of Eccles {ref. 6) he aztempted 
t o  local ise  it as  a specif ic  feature of the cent ra l  grey matter o r  of the 
cerebral cortex because of the multitude of input and output connection in 
t h i s  region. Bu t  Pavlov pointed out (ref. 2 7 )  that  in appropriate conditions 
the nSummation reflex" ( L e .  association of two stimuli) may occur and give 
e f fec ts  on any level  of the nervous system, especially the l e s s  co-ordinated 
ones. Dr. Uttley (ref. 19) found that, in h i s  conditional probability 
computer, the activation of a un i t  corresponding t o  the f i r i n g  of a neuronal 
network does not suff lce  to  distinguish actual occurrence f r o m  computed 
probability, and he introduces the postulate f o r  a regenerative loop, 

and the Preservation(6) o f  information by an osci l la tory c i r c u i t  with very 
l i g h t  damping (an ana logy  o f  cor t ica l  alpha-rythym). These s t eps  are 

model t h i s  can be represented quite simply by a capacitance c i r cu i t  (4) , ; 

The next Steps in  Dr. Grey Waltergs logical scheme are activation ( 5)  

- 

* Numbers in brackets r e fe r  t o  points on the bloc% diagrams. 
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followed by gating(7) the osci l la t ion and the or iginal  neutral  stimulus t o  
produce a response corresponding t o  the original dominant or  uncondi tioned 
stimulus. The response is analogous with cort ical  neuron output. 

A t  first glance t h i s  seems t o  be a correct representation of condi- 
tioning and of the memory function of the brain and most hfiotheses 
explarnrng conditioning on the basis of neural connections are similar. 

We decided, i n  our model Machina Reproducatrix, to  reproduce condl- 
tioning in  the same way  a s  'CORA' does, but instead of 211 O S C l l l a t O r y  
c i r cu i t  we employed a neon tube w i t h  two relays and a thermistor (the 
slow r i s e  of temperature o f  which produces a memory f o r  paired stimuli 
f o r  almost the whole running period). This solution was preferred since 
the original one was too sensit lve t o  mechanical disturbances. This m a y  
also be said about the neural network which is exemplified by this circuit. 
In the introduction of the thefmiaor we m a y  see a very slight analo&y w i t h  
the newly-established fact  tha t  the exci tabi l i ty  and ac t iv i ty  cycles 
depend on the activation system and thence the cortex on vascular effects. 
There is so f a r  no jus t i f ica t ion  for taking these analogies too far. 

Though Dr. Grey Walter' s learning box displays Some surprislngly 
correct imitations of l i f e  it shows that until the last few years the 
explanation of brain processes in conditioning and learning foil-d a 
very si@le scheme. Compared with any animal during conditioning, we must 
conclude that the CORA c i r cu i t s  omit some impor%ant characterist ics.  
These are:- 

(a) the conditioning trials do not lead to habituation of  the neutral  
stimulus, 
(b) other stimuli related t o  the conditioned one produce no effect, 
1. e. no generalization occurs. 
(c) memory is  l o s t  a s  the osci l la t ions gradually decay i n  the memory 
c i r cu i t  and is f ina l ly  extinguished. We must repeat the stimulus 
combination t o  obtain recovery which is never spontaneous as it is in  
animal conditioning experiments, 
(d) a new disturbing stimulus may cause gross deficiencies i n  the 
function of such a del icate  automaton depending on external influences. 
They seem t o  produce neurotic-like behaviour, but no marked external 
inhibit ing o r  dis inhibi t ing e f fec ts  can be distinguished. 
We therefore attempted t o  supplement COW to overcome s m e  of  these 

defects. Machina Reproducatrix responds to  three stimuli, light, flu& and 
whistle. Six or  eight repeti t ions of f lu te  and l ight  cause conditioning 
and the model turns i t  front towards the sound ( j u s t  as the previous model 
d id  to l igh t ) .  Bu t  once the capacitive memory sustained by the thermisCor 
c i r cu i t  decays, no more conditioning e f f ec t s  are observed. If we repeat 
the combination of  f l u t e  plus l igh t  conditioning occurs a t  once. If we now 
try the whistle, we may observe a conditioned e f f ec t  i.e. a generalzzztion. 
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But a f t e r  several (about 18) repeti t ions of whistle without light no more 
such e f f ec t s  occur, whereas the f lute  (which with light was the original 
stimulus) remains a conditioned stimulus. This is simple dascramrnatton 
and i f  we carry on f lu t ing  only, the e f fec t  of the f l u t e  is a l so  extin- 
guished o r  habituated and no t ropis t ic  behaviour is seen. But, i n  our 
model, the conditioned e f f ec t s  of the f lute  recover i n  a few minutes, but 
the whistle.remains a s  an effect iveless  stimulus. I f  a new sharp sound is 
intonated, even the f lu t e  may be depressed; t h i s  is externat t n h t b r t i o n ,  
and a f t e r  a few instances the ?&istle w i l l  regain its ef fec t ,  t h i s  is 
dlsinhibltion. "lie f l u t e  also recovers I ts  conditioned e f f ec t  comparatively 
soon. 

I I DEFENCE I 

loRlENnNG 
I I I 

Figure 7 is a block diagram of the original model, Machina Docilis, and 
the supplementary p a r t s  irhich have been added t o  make Machina Reproducatrix 
achieve these features. The three inputs N1, N2, N3 have a common in  u t  to  

the outputs of which are Connected to  the gating relay. I f  N1 and N2 occur 
together condltioned reflexes are obtained from any input which contains 
either, but stlmulations due t o  Ni or N2 alone are counted and cause 
blocklng for  a given time of  the conditioning effects. I f  a suf f ic ien t  
number of  unpaired stimulatlons o f  N2 occur I t  leads t o  permanent 

8 a counting device@) connected with another thermistor c i r cu i t  (9) ( l O P C 1 U  
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i nh ib i t i on  of unrelnforced s t imulat ions of N2 u n t i l  N2 is  d i s i n h i b i t e d  
mus we bui ld  up a discrimination. I f  a new stimulus N3 is given, and i t  is  
s t rong  enough, i t  connects a t r a n s i s t o r  c i r c u i t  t o  produce d i s inh ib i t i on  
of  N~ and a l so  i n h i b i t s  the conditioning e f f e c t s  of Ni. 

only f o r  demonstration purposes, but a l s o  t o  draw a t t en t ion  t o  some impor- 
t a n t  questions. The supplement t o  Wachlna doc i l l sn  was conceived to repre- 
sen t  the phenomenon of habituatron which r e s u l t s  from any b io logica l  
stimulus. I t  is a basic  mechanism by which ex t inc t ion  of conditioned 
re f lexes  and their  in t e rna l  i nh ib i t i on  leading  t o  discr iminat lons '  is b u i l t  
up physiologically. But i ts  e f f e c t  is  temporary, and may be thought o f  a s  a 
negative feedback t o  the changes i n  neural  connections o f  every nervous 
adaptation. In  fac t ,  the  conditioned r e f l e x  Cannot be f u l l y  represented by 
taking account only o f  assoclat ion,  combination o r  s m a t l o n  of two s t imuli ,  
s ince the mechanism o f  habi tuat ion occurs i n  p a r a l l e l  aqd counterac ts  any 
accumulation of corrections.  (Thus, i t  ensures the condi t ions necessary f o r  
the coexistence o f  a nconditlonal probabi l i ty"  and a ncondl t lonal  c e r t a i n t y "  
system i n  the brain) .  Experimental observation on the mammalian and human 
brain espec ia l ly  In  the Neurophyslologlcal I n s t i t u t e  o f  Pecs and a l so  i n  the 
Neurophyslologlcal Cl in ic  i n  Debrecen, (Lissak and Orastyan r e f .  12, KaJ t o r  
e t  a l ,  r e f .  10) .  c l e a r l y  suggested that i t  is the hippocampal system which 
may a c t  l i k e  a counting device f o r  any sensory Inputs. This agrees  with 
Green and Arduini' s electrophysiologlcal  observations. They observed that, 
following s t imulat ion,  the hippocampus may i n h i b i t  condi t loned r e f l e x  acti- 
vi ty ,  independently o f  the o r ig in  and dominance of conditioned o r  uncondl- 
tloned s t imulat ions,  and t h i s  nay be demonstrated by studying o r i en ta t ion  
r e f l ex  phenomena of the model. Now it  seems that the supplementary parts o f  
the model may be compared with the negative-feedback e f f e c t  which the hlppo- 
campus has on neocor t lca l  and bra in  stem phenomena i n  conditioning. We 
should leave f u r t h e r  neurological discussion of the  s t r u c t u r a l  analogy and  
poin t  only t o  some observat ions by which the v a l i d i t y  of t h l s  analogue can 
be tested. The electrophyslologlcal  observation; of  Morell, J a spe r  e t  al 
( r e f .  15)  have shown that a s i g n i f i c a n t  impairment of e l e c t m c o r t i c a l  condi- 
t ioning occurs only  with a f c h l p a l l l a l  (hippocampal) l e s i o n s  and Penfield and 
col laborators  (195A. r e f .  18)  pointed recent ly  t o  the f a c t  tha t  d i s t inc t ive ,  
b i l a t e r a l  l e s i o n s  o f  the hippocampus only wipe out the  recol lec t ion  of 
recent me!norY experiences. But even i f  we cont ro l  the e f f e c t  of such l e s i o n s  
o r  that  of any extended c o r t i c a l  l e s i o n  i n  a conditioned r e f l e x  experiment, 
we may flnd tha t  the  assoc ia t ion  process by i tself  is less impaired than 
dlscriminatlon and appropriate r e c a l l  (Angyan, 1956, 1957 r e f .  2 ) .  This 
somewhat too doc i le  impaired l ea rn ing  mechanism is  :..i?ielled by nMachina 
Docilis'. We g e t  the  same r e s u l t  by comparing the brain adtrptation with any 
model taking account mainly of the conditioned summation ref lexes .  

We r e a l l s e  that t h l s  model is  somewhat crude, bu t  I t  was conceived no t  
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Our model demonstrates (1) that habl tuatlon and internal lnhlbi tlOn 
must occur an paral le l  and must to some extent inversely r e y l a t e  the 
condi tloned summatlon or  probablll ty computation process. (2 )  that  dascrlm- 
tnataon 1s based on a comon mechanzsm w i t h  habttuatzon but it may be 
fur ther  lmproved i f  speclfic Inputs with specific analysing mechanisms 
are consldered. Some degree of  dlscrlmination may be obtained by f i l t e r  
mechanisms, but i t  1s  only effective I f  i t  1s regulated by extinction based 
on habituation. (3) tha t  spontaneous recovery (01: recz l l  of  f o r g o t t e n  o r  
extznguzshed condltloned reflex) cannot be based on preferential  s t a t e s  
f o r  more recent stimulatlons (as In Dr. Uttley's concept). Our model though 
fzlr from being a s u f f l c l e n t  analogy, allows the repeated recall o f  an 
extlngulshed conditioned ref lex during the whole span of i ts memory. 

the effect  of external inhibition. By causing a block through the 
orlentation-habituation mechanlm, t h i s  wipes out both the e f f e c t s  of 
posit ive and negative stlmulatlons. To obtain a recovery of dlscrlmlnatlm, 
we need to bu i ld  up again the extinction o r  dlscrlmlnation process. In  our 
opinlon, t h i s  problem can be adequately developed by constructing a model 
which incorporates another very important and experimentally well-founded 
fact  of  nervous adaptation - the Sherrlngton principle of r e f l e x  antagonasm 
and miJtual lnductlon. Pavlov has pointed out that  t h i s  is the th i rd  basic 
mechanisms (wlth excltatlon ancl lnhlbltion) i n  the malntenance of dynamic 
equl l lbr ia  o f  every complex of innate and acquired behavlour. 

development of any internal Inhibition. that  the stimulus to  be dlscriml- 
nated build up a connection wl th  another speclflc stimulus in  opposition to  
that already condltloned (e.g. summed with a negative stimulus) , i t  would 
not be too d l f f l c u l t  to build a model which demonstrated electronical ly  
t h i s  mutually o r  reciprocally inductive antagonlsm (perhaps i n  the sense of 
Wlener's 'moth and bedbug' model combination). If the two summation systems 
are coupled together mutually In an inverse feedback manner, an automatic 
mechanism 1s obtained a l c h  rese ts  the original s t a t e  of dlscrimlnation 
immediately a f t e r  the disturbing stimulus dislnhlblted it. In  fact, t h i s  
occurs in uninjured, normally adaptlng, animals, with a speed and repeata- 
b l l l t y  which 1s very character is t ic  o f  the individual. I t  is one o f  the 
most lmportant transformations which sometimes seems to  almost e n t i r e l y  
override the rules of condltloned association in  everyday psychic activity. 
I t  Is usually the first mechanism to be impalred following functional o r  
Structural dlsturbances of the braln. We are convinced that t h i s  mechanism 
of 'd i rec t '  lnhlblt lon 1s an inherent s t ructural  feature o f  nervous 
organization. Every unconditioned re f lex  has a Positive ' t o i  and a negative 
" fro" aspect (seen in defence, feeding and sexual ac t lv i t l e s ) .  These form 
the bas i s  of- uncondltloned reflexes in  thelr lower and higher manlfestatlons. 

The fact  that our model 1s still o f  insufflclent complexity is shown by 

I f  we assume that, In  pa ra l l e l  with the extinctlon process o r  the 
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plastlclty (acquired individual  adaptation) is  however maintained by 
habituation, o r  by i n d i r e c t  i nh ib i to ry  mechanism, which never allow 
lsummation r e f l exes '  to  bu i ld  up above a c e r t a i n  l i m i t  on the basis of the 
former ones as a r e s u l t  of new st imuli  Impinging i n  t h e i r  networks. 
P l a s t i c i t y  a l s o  counteracts  the development of f ixed cor re la t ions  between 
the summation ref lexes ,  i n  contrast; e.g. with the  sp ina l  cord 's  r e f l e x  
organization. I n  an idea l  model system which also contalns the  development 
analogies  i t  should be shown, a s  :n the mammalian brain and i n  general  i n  
a n i m a l  of  the  mai2 p h l l e t i c  l i ne ,  that  (a) these mechanisms are ac t ing  
along spat ia l  axes accoraing to  Chi ld ' s  gradient (b) the habi tuat ion 
mechanlsm i n  its in t e rac t ion  with a sumat lon  of p robab i l i t l e3  is  never 
allowed t o  be s t a t i c  (c) the opposing coupled b a s l c  r e f l ex  systems cannot 
be s t a t i c .  I f  i t  s a t i s f i e s  these condi t ions the model system fulfils the 
requlrenents  of Dr. Ashby's concept of homeostatis maiiitained by ever- 
changing dynamic e q u i l l b r i a  and regulated by pa r t ly  de te rminis t ic  and 
par t ly  p r o b a b l l i s t i c  percet lon systems. But our supplemented model has 
functional c o r r e l a t e s  i n  the high orgar iza t ion  l e v e l  of the mammalian brain. 
The dichotomy of its design is a l s o  based on simple experimentally- 
demonstrable p rope r t i e s  of neurons j u s t  as i n  the hypothesis of Eccles - 
a@uLse t reshold  changes, synapt tc  use and dasuse,  recaprocaL antagonrsm 
and feedback PrancapLes. There are a l s o  probably d i f fe rences  In the axoso- 
mat1 c.Emd axodenrfii Ui'c r.corinec tgan -d f neurorral -adaptation simi lar CO those 
o fmmna t ion  and habl tua t ion  on the' higher!pganXza&o~v level.  

CONCLUSIONS 

Our model cannot exclude the  possible  general izat ion that l ea rn ing  is 
simply due t o  a coupling of tw mechanisms - say a pos i t i ve  o r  exc i tory  
feedback and another negative feedback on inhibi t ion.  This  coupling can 
occur a t  every s t r u c t u r a l  l e v e l  of biochemical, e lectrophyslologlcal ,  o r  
functional anatomical organizatlon, and t o  show its spec ia l  adaptive 
fea tures  we must f ind out the p r i n c i p l e s  fo r  f u r t h e r  development which are 
d i r ec t ing  the  mechanism whose nervous system quickly adapts t o  i t s  
environment. Recent observations of the  au tho r  (Anwan e t a l l  1957, 8 
r e f .  3 )  on the behaviour of flatworms during regeneration of the cephalad 
and caudad par t s  of t h e i r  pr imit ive nervous system shows that the two 
aspects  o f  nervous function r e fe r r ed  t o  above may be separated from each 
o ther  func t iona l ly  and s t r u c t u r a l l y  by slmple experiments. I t  seems tha t  
both developmental and behavioural mechanisms show i n t e r e s t i n g  polar iza t ion  
along the developmental axes of Chl ld ls  gradients. Perhaps the conditioned 
r e f l e x  is no more than a temporal expression of an ax ia l  developmental 
mechanism propel led by an exc i ta tory  summation which shows more general  
r u l e s  of po la r i za t ion  and is l imited by inh ib i to ry  habituation. 
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Since i n  complex organlms we are dealing with a t  least three special 
dlmenslons o r  axes (and perhaps a temporal one as well) we are inclined 
to  suppose that a more complete analogy of learning and condltlonlng 
would be represented by a model i n  whlch three antagonistically-coupled 
CORA o r  Reproducatrlx systems were linked and the i r  varying dominance 
cancelled by an adequate lnternal scanrmg o r  temporal summing mechanlm. 
Thls ldea forms the basis f o r  further development of our model (Ansyan, 
Zemanek and Xretiz, 1959). 

be t t e r  concept of present knowledge of brain function the real izat ion o f  
which may show whether our ideas and terms may correspond or  should be 
excluded from the lnterpretation of l ife.  

I 
I 

In our oplnlon. models are only useful In that they help to  draw a 
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T;IE CONDI TIOJIAL P R O B A B I L I T Y  COi lPUTFR 

by 

DR. A. M. ANDREW 

THE Condltlonal Probablllty Computer const i tutes  a versa t i le  nlearning 
machine". I t  slmulates certaln features of animal learning and embodies 
principles whlch are lmportant In the development of adaptlve control 
mechanlsms for  industr la l  appllcatlons. A brief account of the operation of 
the computer 1s glven below, followed by descrlptlons of the pa r t i cu la r  
applications demonstrated. 

Condi t ional  Probabi L i t y  Computer 

puters w i t h  any number o f  input channels are  possible in principle. I t  
conslsts o f  31 similar un l t s  which count the number of occurrences of the 
patterns of  input ac t lv l ty  presented in  these channels. bhen some statlstl- 
cal data has been accumulated, and when one o r  a group of the input 
channels is actlvated, the computer detemlnes, on the basis of i ts  stored 
s t a t i s t i c a l  Information, whether th i s  group 1s usually accornpanled by 
ac t iv l ty  In another channel o r  channels. I f  i t  is. the computer makes an 
znference of  ac t iv i ty  in the other channels (shohn by red illumination o f  
the panel above the computer). The precise conditlons f o r  an inference 
are described below. 

occurrences o f  ac t iv i ty  i n  the respectlve lnput channels, whlle a further 
ten un i t s  count the numbers o f  occurrences of simultaneous ac t iv i ty  in  
each o f  the ten posslble pairs o f  input channels, and s o  on fo r  groups o f  
3, 4 and 5 channels. The Counts a re  represented in  the unl t s  by the aqount 
of charge on a capacitor, whlch is dellberately made to leak towards the 
level corresponding to  zero count. The lntroductlon o f  leakage ensures 
that the inferences made by the computer are  governed more by recent 
events than by l e s s  recent events. 

there is ac t iv l ty  in the 3 and k channels, 1s given by: 

Tne computer show has five input channels labelled j , k ,  L,tn,n, but com- 

The 31 un l t s  are essent ia l ly  counters; five o f  them count the numbers o f  

The condltlonal probablllty of a c t l v l t y  in  the L channel, given that 

count stored in  ( j k l l  u n i t  
count stored in  ( l k l  u n l t -  

P I R ( L I  = 
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Wenever the J and k inputs o f  the computer a re  activated simultaneously, 
i t  computes the quantit ies $Jk ( 1 1 ,  p J k ( m )  and p l k ( n ) .  I f  any of  these 
exceeds a predetermined threshold value, an inference is made of ac t iv i ty  
in the 1 ,  m o r  n channel. The operation is slmilar when other groups of 
input channels are activated. 

I . .  
,. . . . .  . .  . .  
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A S I M P L E  COMPUTER FOR DFMONSTRATING B E H A V I O U R  

DR. W. ROSS ASHBY 

SIiC5 any imaginable Dehaviour o f  a system can be represented as a 
sequence o f  t r a n s i t i o n s  from state t o  s t a t e ,  any behaviour can be 
represented isomorphically on a machine i f  the machlne is designed o r  pro- 
grammed t o  perform the appropriate  t r ans i t i ons .  

The demonstrated machine has a s e t  o f  s t a t e s  (lamps l i t  o r  u n l i t )  and a 
s e t  o f  input  s t a t e s  (swltches open o r  closed.) When the handle is given one 
turn ( represent lng  the passage o f  one u n i t  o f  time) i t  w i l l  change t o  some 
s t a t e  that  is a determinate f’unction o f  what s t a t e  i t  is  a t  now and o f  what 
s t a t e  is  (a t  the moment) on the input. Repeated turning o f  the handle w i l l  
thus generate a sequence o f  s t a t e s ,  i .e. a t r a j ec to ry ,  o r  l i n e  of behaviour. 

Abstractly,  i t  may thus be described as a inachine- that, with a s e t  I o f  
input  s t a t e s ,  and a s e t  S of system states, can be progra!med t o  give (withln- 
l i m i t a t l o n s  o f  s i z e  only) any des i red  mapping o f  I x S i n t o  S. 8hch mapping 
is t o  be used Is cont ro l led  by a plug-board. A p a r t i c u l a r  s e t t i n g  on M e  
plug-board makes i t  ( func t iona l ly)  a p a r t i c u l a r  machine with input, with a 
p a r t i c u l a r  way o f  behaving and of  responding t o  s t imuli .  

forms o f  behaviour that a r e  well  known i n  the b io logica l  world appear a f t e r  
they have been analysed i n  accordance w i t h  the l o g i c  o f  mechanism and 
behaviour. I t  is espec ia l ly  s u i t a b l e  as a teaching device f o r  maklng clear 
the p r inc ip l e s  o f  mechanism and o f  Black Box theory (ref.  1). 

Over fo r ty  well  known p ieces  o f  b lo logica l  behaviour (of ten s lmpl i f i ed  
for  reasons o f  s i z e )  have a l ready  been programmed on to  1t. They include:- 

Simple r e f l e x  with sus ta ined  response (e.g. the pupi l lary.  ) 
11 11 t r a n s i e n t  11 (e. g. the knee-j erk. ) 
11 11 l a t e n t  per1o.d. 

I ts  chief  use Is the purely i l l u s t r a t i v e  one o f  demonstrating how various 

Accumulation o f  drive. 
Displacement a c t i v i t y .  
Response only t o  a pa t te rn .  

n n p a t t e r n s  o f  p a r t i c u l a r  type. 
n I1 n a sequence o f  pa t te rns .  

Confl ic t  l ead ing  to  osc i l l a t ion .  
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Conflict leading to compromise. 
n n %atatonia", with protection and cure. 

DEMONSTRATION 

'Ihe demonstration s e t  up f o r  the Symposium shows the last named. The 
behaviour m a y  be thought of as analogous, i n  animals and man, to  certain 
reactions evoked by s i tuat ions o r  stimuli that  arouse confl ic t  between 
two ways of  behaving. 

A B  C D  

W X Y Z  I 
I I 

The system's rest ing s t a t e  is w i t h  lamp X lit. I f  switch A is closed, 
the l ight ing moves over t o  W (as If  dram by A.) I f  switch C is Closed, 
the l ight ing moves over to Y. Repetition o f  A and C shows that  the system's 
responses a re  regular and reproducible. 

To B and D i t  gives no apparent response. 
If  now A and C are put down together (so that  i f  the system were l iv ing  

we m i g h t  say tha t  the light was in  a conf l ic t  about whether to go to the 
right o r  l e f t )  then the system responds by generalised extinction. N o  
further stimulation by A o r  C (even i f  applied singly in the n o n a l  
manner) can e l i c i t  any further response from it. Application of  3 does 
nothing to  change the situation. 

Closing D, however, has a *curative* effect ,  for 
original behaviour is restored. 

B, however, is not wholly without effect;  for  i f  
tion (of A and C being presented simultaneously) is 
application o f  B, the extinction does not  uccur. 

Thus the behaviour shows the features that:- 

subsequently the 

the confl ic t ful  situa- 
combined w i t h  the 

(1) The ef fec t  of applying stimuli A and C simultaneously need bear no 
natural orzlmple relation to their e f fec ts  when applied separately. 

(2) A transient event (the simultaneous application) m a y  have l a s t ing  
effects. 

(3) Other actions on the system (closing B o r  D) m a y  have a npreventlven 
o r  ncurativen action. The one action does not imply the other. 

(4) A variety o f  other deductions could be made. 
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EQJIPNENT 

The machine u s e s  relays,  whose power comes through the i r  own contacts  
so as to  make them self-locking. 

During one cycle  of  the handle, the first quadrant makes contacts  So 
that the s t a t e s  o f  W, X, Y, and 2 a re  copied on to o ther  r e l ays  P, Q, R, S. 
W, X, Y, Z a r e  then cleared. Then power is appl ied  so that (e.g.) W is 
energised i f  and only i f  a way e x i s t s  through the network on the plug-board, 
which t e s t s  var ious s e r l e s  and p a r a l l e l  combinations thrwdgh the contacts  
of  A, B. C, D, P, Q, R, and S. Thus i f  W is t o  become energised i f  and only 
if: 

(1) B is  energised, 
and(2) D is n o t  energised, 
and(3) 

then the plug-board would use the n e t  
e i t h e r  R is no t  energised o r  S is energised, 

(where a prime i n d i c a t e s  a break-contact.) Simllarly. three other net- 
works control  X, Y, and 2. 

Once the behaviour is c l ea r ly  spec i f ied  i n  a canonical representation, 
+the arrangement o f  the plug-board can be found by a purely tormal P r o C B s s  
(i.e. c a l l i n g  fo r  no fu r the r  insight . )  

1. ASHBY, W. ROSS. An introduction to cybernetics. Chapman and Hall, 
London, (1958). 
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The 2monstr 

AUTOMATIC PATTERN RECOGNITION 

by 

DR W. K. T A K O R  

t ion  US r a t e s  the method of  COnStrUCting ~ a t t e r n  recog- 
n i t i o n  machines described i n  Paper 5 of Session 43. TO obtain the h ighes t  
character  recognition speeds that the networks a re  capable of i t  i s  
necessary t o  use a p a r a l l e l  input  system such as a 9 x 9 matrix of photo- 
mult ipl iers .  The speed can then be up t o  10 characters  p e r  second i n  a 
p rac t i ca l  system, s ince  i t  is only limited by the f i n i t e  r i s e  time imposed 
by stray capacitance. Photomult ipl iers  a r e  expensive, however, and for  the 
purpose of demonstration a similar s e t  of signals are obtained i n  
approximately 1/50 second by arranglng fo r  the s ing le  output of an electro- 
mechanical scanning system t o  charge a matrix o f  capaci tors  t o  vol tages  
that  are proportional t o  the light f lux  f a l l i n g  within correspondlng 
elements of  the image. The characters  t o  be recognised a r e  typed by a 
standard typewriter and il luminated by a s j~o t l lgh t .  A small l e n s  p r o j e c t s  
an image of the character  onto a perforated scanning drum and the light 
passing through the  holes  is converted into a voltage by a s i n g l e  photo- 
multiplier.  This voltage is connected to  the matrix of capac i tors  through 
a synchronous switch and after one revolution of the drum the  c a p a c i w r s  
a re  charged to the appropriate voltages which are  called x-signals i n  the  
paper. 

In designing the demonstration machine a l e t t e r  A was typed onto the 
paper and a a u s t e d  t o  be within the f i e l d  o f  the  scanning system. Tne x- 
s igna ls  were then measured with a voltmeter and the  set of signals that 
gave the l a r g e s t  value of y in equation (1) was e a s i l y  determined by 
combining them i n  order  of magnitude. A y-signal network was then 
constructed as shown i n  Fig. 3 by connecting r e s i s t o r s  t o  the bus-bars 
that  correspond to  the  required s e t  of x-signals. I t  should be noted 
that this procedure could have been repeated with the  l e t t e r  A i n  a s e t  
of sample pos i t ions  within the f i e l d  of the lens,  which is approximately 
20% l a r g e r  than the l e t t e r .  The number of samples required t o  give 
recognition of the A i n  any pos i t i on  is not  l a rge  s ince  the x-signals do 
not change appreciably u n t i l  t he  l e t t e r  moves through a dis tance of one 
matrix elanent. In Fig. 1a. f o r  example, the A can only occupy approximately 

6 
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10 dlscriminable pos l t lons  and by conotmctlng this number o f  y-networlrs 
the machine would operate co r rec t ly  wlth the A i n  any pasi t ion.  
expense 1nVOlV8d In havlng a number of y-networks for each charac te r  is 
negl igible  s ince the r e s i s t o r  networks can be proauced very cheaply in  a 
pr inted c i r c u l t  form. 

In  the  demonstratlon apparatus there  1s only one y-network. f o r  each 
character  and In  consequence the a l i m e n t  has  t o  be preserved to wi th in  
approximately half  a matrlx element. The mechanical accuracy of the 
typewri ter is  w l  t h ln  t h i s  l l m l  t. 

By repeat ing the deslgn procedure for B. C and D the apparatus reached 
the stage shown i n  the demonstratlon. Unfortunately time did not  permit the 
constructlon o f  y-nethorks for  the e n t l r e  alphabet butthe 19** x 30" x 10" 
cabinet contained ample space f o r  them, i n  additlon t o  the 26 output s tages  
and amplitude f i l t e r s .  

For appl ica t ions  such as computer read-in and l e t t e r  o r  cheque s o r t i n g  
the only output requlred is the closure of a d l f f e r e n t  e l ec t ron ic  gate  o r  
switch f o r  each character  o r  pa t t e rn  class.  In  the  demonstration model the 
output switches s e l e c t  recordings of the l e t t e r  names from magnetic tape. 
Thus as each l e t t e r  appears under the l e n s  i t ' s  name 1s reproduced through 
a loudspeaker. By extendlng the s i z e  of  the input system n-times i n  the 
d i rec t ion  of  wr i t ing  i t  would be possible  t o  accommodate words o f  up to 
n- le t te rs  and hence to produce a r e a l i s t i c  readlng machine. Me speed would 
be l imi ted  by the r a t e  a t  &ich recordlngs of the words could be se l ec t ed  
from the s t o r e  and a special  p a r a l l e l  recording system giving rapld access 
would be desirable. 

e x t r a  

(94009) 952 

gunnart



L I BRAFlY RETRI EYAL * 

by 

s. WHELAN 

1. INTROCUCTION 

The object of a re t r ieval  system is t o  organize the indexes of a c o l l e c  
tlon o f  documents in  such a way  that any documents requested can be found 
al gori thoni cally. 

Undoubtedly the simplest fonn of re t r ieval  system is the ordinary alpha- 
bet ical  index. Where mall collections o f  documents are involved, such a 
scheme works moderately well - most off ice  f i l i n g  systems are of this kind. 
However, such a method Is o f  l i t t l e  use when dealing with lar$e collections 
(say 50,000 documents), fo r  then each l e t t e r  of the alphabet w i l l  have 
coded under i t  a large number of documents and to re t r ieve any one document 
from the sub-collection associated w i t h  any one alphabetical le t ter  w i l l  
need some further re t r ieval  system and, hence, some modification of the 
orlginal alphabetical index is necessary. As the library grows {and 
l i b ra r i e s  do! ) the mod1 fications superimposed on the original ( re la t ively 
simple) system w i l l  be such as to complicate the system and lead t o  more 
sophisticated retr ieval  methods such as the Universal Decimal System ( U N )  
for example. Despite apparently superficial  differences, a l l  such methods 
have one thing in  cornnon. They t r e a t  the subject matter of the library . 
( f i e ld  o f  knowledge) as being capable of  subdivision in to  a tree-like 
structure; thus, e.g.:- 

....-------'I'\,,,, /A ~,, ./\k 
Physical 

Chem. Organic Inorganic Atom1 c Solid State 

Ch em. &em. 

* Heprinted from ILRL Journal. Oct.. 1958. 
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Such a subdivision is essentially arbi t rary and becomes more so as the 
l ibrary grows. After only two subdivisions we are in d i f f icu l ty  straight 
away. How, f o r  example, are we to  classify a document on Physical Chemistry? 
h we classify it under Physics o r  under Chemistry? Does i t  deal with 
Physics in Chemistry o r  Chemistry in Physics? A t  the very s t a r t ,  a decision 
of some Sort is forced upon us. This would not be too bad i f ,  having made 
the decision according to some principle o r  other, we could be certain 
that when a siallar decision is t o  be made in the future, i t  w i l l  be made 
i n  conformity with the same principle. Unfortunately there is no procedure 
which can guarantee such Conformity. Indeed there cannot be, fo r  i t  would 
be impossible f o r  any prlnclple o r  procedure to  take account of a l l  the 
consequences inherent i n  arbi trariness. 

end by making the system they were designed to correct unwieldy and, i n  
some cases, UnmanageQble. The net result  is that, sooner o r  la ter .  such 
systems fail  to retrieve wanted information and, very often. a high per- 
centage o f  the l ibrary 's  documents are effectively lost .  As far back as  
1945, Dr. Vannevar Bush ( r e f .  I), when reflecting on this matter remarked, 
"Even the modern great l ibrary is n o t  generally consulted.. . . . . our 
ineptitude a t  gett ing a t  the record is largely caused by the a r t i f i c i a l i t y  
o f  systems of indexingfr. 

The question arises,  therefore, as t o  whether there is any other struc- 
ture which w i l l  enable us  t o  code Physical Chemistry under both Physics and 
Chemistry, which is logically where i t  ought to  be coded instead o f  under 
either. The answer is that there is such a structure - a l a t t i ce ,  thus:- 

Various subterfuges are introduced to overcome such d i f f i c u l t i e s  but they 

Science 

Physical Chem. 

The notion that  l ibrary language is a l a t t i c e  occurs in the writ ings 
o f  Qlrthorne ( r e f .  2) and Mooers ( r e f .  4) and the researches o f  the 
Cambridge Language Research Unit have established that  a thesaurus is 
also a la t t ice ,  where thesaurus i s  taken to mean the grouping o f  words o f  
similar o r  related meaning into notional families a f t e r  the manner o f  bge t .  
In other words a thesauric o r  l a t t i c e  classification is not arbitrary. 
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2. THESAURUS 

By 1955 RRE f e l t  that  Retrieval Research for the most part was doing 
l i t t l e  more than invent systems which, while certainly an improvement on 
existing systems, d i d  not materially d i f fe r  from them and, in any case, 
were not sufficiently fundamental. I t  was t h i s  consideration together with 
the in t r ins ic  merits of the scheme which decided RRE to adopt what is 
essentially a thesaurus approach and t o  embark on a p i l o t  experiment 
designed to tes t  this approach. The RRE scheme consists i n  choosing a 
limited number o f  basic o r  elementary terms (100-200, say) which, both 
singly and in combination, cover the subject matter of the l ibrary of docu- 
ments. These terms should be a s  fundamental to the library a s  possible - 
indeed its ultimate constituents. They need not even be dictionary words, 
but i t  follows that they w i l l  be as exclusive a s  possible. The exclusion 
property fallows from the l a t t i c e  property o f  the thesaurus but i t  can 
also be argued from first principles. For, i f  an additional tenn is  added 
t o  a list o f  thesaurus heads and i f  this additional term can be accounted 
for by a combination o f  one o r  more existing heads then, clearly, i t  is  
not a head. Choosing these heads (terms) is not easy; nor is i t  c lear  on 
what general principle i t  should proceed - stl l l  less  is it  c lear  whether 
the process could be mechanised by, e.g., machine searching of dictionaries. 
Obviously synonyms and near synonyms would be grouped i n  the same head, as  
would also words of cognate meaning such a s  - e.g. - ttexportn and nimportlt. 
In th i s  way we avoid the risk of non-retrieval of, e.g., a document on 
"Imports to Y from X" when the enquirer wants documents on "Exports from 
X to P. We can always choose heads to ensure that the system discriminates 
to any extent we wish and the RRE scheme fxrther ensures that the fre- 
quencies o f  recurrence of the heads are contained within certain limits 
(referred to a s  bandwidth). Clearly nelectro-magnetics" is far too general 
a head for  a l ibrary dealing w i t h  electromagnetlcs. 

Fbrthermore the thesaurus must be constructed before embarking on the 
experiment. Indeed the system would not be thesauric i f  the terms (heads) 
are allocated a f t e r  reading documents. This l a t t e r  scheme would be more 
l i ke  Uniterm. 

ment shows the scheme to be a thesaurlc one:- 
The following more o r  l e s s  random sample of terms used i n  the RRE experi- 

No. Head (Synonyms, Cognate m~(1s etc.) 

10 Calculate (compute, analog, dig1 t a l ,  count, enumerate, numerlcal, 

28 Generate (excitation, construct, make, produce, prepare, design) 
37 Macro (large, excessive, increase, amp11 fy, wide) 
73 Star (solar flares, pmminences, eclipse, meteors, sun) 

2 Add (gain, superimpose, sum, application, join, towards) 

determine, estimate, value, error) 
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Should the l i b ra ry  extend in  some unforeseen w a y  either by storing 
books on some completely new subject o r  books on a subject not  new, but 
which the l ibrary did not  hi ther to  deal with, then it  is always possible 
to add to the list o f  heads. The RRE scheme uses 75 heads. In practice, 
assuming one has a fair  knowledge o f  the l ibrary to be coded, i t  is not 
d i f f i c u l t  to  discover the first 20-30 heads. To arr ive a t  more Is usually 
a d i f f i c u l t  procemre. Another possible way is to make a l ibrary latt ice,  
which is what the members o f  Cambridge Language Research Unit have done. 
Either way the task is not easy. 

When the list o f  terms is complete they are  then placed in some con- 
venient order (RRE uses the alphabetical order). I t  is to be remembered 
that there is no essential  significance - beyond one o f  mere convenience - 
attached to this ordering o f  the terms amongst themselves. When ordered, 
the terns are now numbered Prom zero upwards. This list o f  numbers (heads, 
terms) is now used to  code the documents f o r  storage and subsequent 
re  tr ieval.  

3. CODING, STORAGE AND RETRIEVAL 
The document to be stored is given an accession number, read and 

abstracted. 
(a) Codzng. To f ac i l i t a t e  the operation o f  the scheme, (even by persons 

unacquainted with its basic principles),  an alphabetic dictionary of terms 
which occur in  the reports and in  the l ibrary requests has been compiled. 
These terms give reference to as many o f  the l i s t e d  thesaurus heads as is 
necessary. Consequently, when a report is abstracted, the numbers .associat.ed 
with the head5 which cover its subject matter are noted. This m a y  be done 
e i ther  by reference t o  the list of heads or, more easily, by reference to 
the dictionary. 

punched with 10,000 holes each, are  used for storage. There are as many 
p la tes  as there are chesaurus heads and the coordinate position of a hole 
in  a plate  represents the accession number of the document being stored. 
I f ,  for example, the document to be stored has an accession number 509 and 
the heads number 5, 17, 24, 36, 61, 83 cover its subject matter, then the 
plates corresponding to heads 5, 17, 24, 36, 81, 83 have each a hole 
punched in  the 509th position. 

stored together and each p la te  has a tag on i t  which is easily vis ible  and 
identifiable and which bears the number of the thesaurus head t o  which i t  
corresponds. A request for a document is broken down into the heads which 
cover its subject matter (again. e i ther  by using the l i s t  of heads o r  by 
means o f  the dictionary). and the plates (heads) which apply to the 
document i n  question are then pivoted about one end, thus bringing them 

(b) storage. Metal p la tes  (about 142n. square), capable o f  being 

(c) Retrieval.  To make re t r ieva l  easy and speedy a l l  the p la tes  are  
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simultaneously in  r eg i s t e r  in  f ront  o f  a parallel beam of l i gh t ;  
the document having the hole (and hence the accession nunber) cornon to a l l  
the plates is the document sought a f te r .  More sophis t icated means f o r  
reading the coordinate pos i t ions  o f  ho les  eas i ly  suggest themselves. 

clearly 

4. EXPERIMENTAL RESULTS 

A first experiment on a very small (randomly chosen) document-skple 
(110 r epor t s )  gave 100% success and encouraged u s  to increase the sample to 
1000 documents. These 1000 documents consis ted o f  documents cur ren t ly  
received a t  the RRE library. The fac t  o f  currency elintlnated b i a s t i n  choice 
and so the sample can be regarded as s u f f i c i e n t l y  random. 

Several  lists of questions were prepared t o  t e s t  the scheme. The lists 
were prepared i n  the following way. A list of the t i t l e s  of the docuiients 
i n  the sample was handed t o  members of the l i b r a r y  staff  who were asked to  
compile requests  similar t o  the requests the l ibrary usual ly  receives. 
The reques ts  were to have no more vagueness o r  precision than the usua l  
l ibrary request. Typical questions asked were on such subjects  as: Bu t t e r f ly  
Circuits,  Brightness of the Atmosphere, Propert ies  o f  Oxide Cathodes, etc. 
(see Appendix 1, whlch gives a sample e x t r a c t  from the experimental r e s u l t s ) .  

In a l l  cases where the request was moderately spec i f i c  the document i n  
question was retr leved without any unwaited o r  i r r e l evan t  material. A s  the 
precis ion of a request decreases, giving way t o  vagueness, then the document 
o r  documents i n  question are s t i l l  retrieved. but so a l so  a re  o the r  docu- 
ments i n  descending sca l e s  of relevance corresponding to the increasing 
scale o f  vagueness. This, o f  course, is what one would expect a thesaurus 
r e t r i e v a l  system to  do and i t  becomes inore c l e a r  when one regards t h e  
thesaurus as a l a t t i c e .  For a thesaurus system w i l l  always r e t r i e v e  some- 
thing and this something w i l l  be what is  most re levant  to the request  
(ref. 3). The ln t e re s t ing  r e s u l t  is that the relevant  material  is always 
retrieved. In  the scheme the worst proportion of re levant  t o  less 
relevant mater ia l s  was found to be of the order  1:3 and this only in  cases 
o f  extremely vague requests. In no case d i d  the System fail to r e t r i e v e  the 
wanted mater ia l .  While perfection is n o t  claimed for  the thesaurus, i t  
gives an amazing dam%?- of success (see Appendix 2) .  

5. CONCLUSIONS 
The research makes c l ea r  that the thesaurus apppoach to information 

r e t r i e v a l  is the most promising approach made so far. The theore t ica l  and 
experimental fac t  that  i t  always r e t r i e v e s  the mater ia l  inost re levant  t o  a 
request is  the bes t  guarantee of this approach. I t  means that none of the 
l ibrary 's  mater ia l  is ever ' l o s t ' .  as indeed a fair proportion o f  i t  is 
&en o the r  r e t r i e v a l  systems a r e  employed. 

From our s tud ies  we a re  convinced that any fur ther  research on r e t r i e v a l  
w i l l  have t o  proceed along thesaurlc  l i n e s  i f  any worthwhile r e s u l t s  are to 
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be obtained. Nor is there any objection t o  extending the scheme to cope 
w i t h  the la rges t  l ibrar ies .  A larger thesaurus (lattice) w i l l ,  of  course, 
be necessary and obviously the scheme would have to  employ d ig i ta l  
computers but the rules  for finding the elements of a l a t t i c e  are precisely 
the rules which computers are  designed t o  obey. 
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No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10 * 

11. 
12. 
13. 
14. 
15. 
16. 
17. 

18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 

APPENDIX 2 

Head (Synonyms, coognate mrds e t c . )  

Accoustics (tune, resonate 
Add (gain, superimpose, sum, application, join, towards 
Air (meteorology, climate, climatology, cloud, wlnd, s tom, gas, sky 
Angle (phase, angular, corner 
Anti (opposed to ,  prevent, prevention, not, non- 
Array (shape, pattern, matrix, arrangement, structure,  l a t t i c e  
Attenuatl on 
Auto (automatlc, s e l f  
Bend (reflection, re  f rac tlon 
Calculate (compute, analog, digi ta l .  count, enumerate, numerical, 
determine, estimate, value, e r ror  

Change (a1 ter, different, a1 ternate 
Characteristics (properties, parameters 
Circle (wheel, rotate, ring, amular, cyclic 
Component (element, part, factor, un i t  
Constant (stable, stabil i ty,  permanent 
Control (servo, feed-back 
Defence ( f l i g h t ,  milltary, gunnery, attack, tactics,  tactlcal ,  

Electrlc (current, conductivity 

E.M. 10 cms. - 1 cm (3000 - 30,000 Mc/s) b Electromagnetic 
E.M. 1 cm - 1 mm (30,000 - 300,ooO Mc/s)) Waves 
E.M. below 1 mm. including I R  and beyond ) 
Equal (equation, equate 
Equipment (apparatus, instrument, set, machine, mechanical 
Explode (bomb, burst ,  'blow-up. projectile, weapon, m1SSlle 
Foreign (various countries 
FMctlon (purpose, use 
Generate (excitation. construct, make, produce. prepare, design 
Ground (land, sea, horizon, earth, cosine 
Height (elevation, sighting, perpendicular. vertical ,  sine 
Infrared 
Integral (dlfferent ia l  
Jam (interference, R(BI 
L i m i t  ( f in i te ,  test ,  trial 
Line (linear, direct, length, axis  
Locate (find, position, scan, plot, search 
Macro (large, excesslve, increase. amp11 fy, wide 
Magnetic (magnet, magnetostriction. solenoid 
Material (metals, non-metals, mass, resins 

s t ra t e g  

E.M. above 10 cms (Above 3000 Mc/s) ) 
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No. Head (Synonyms, Cognate mods e t c .  I 

40. 
41. 
42. 

43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
6 2  
63. 
64. 
6 5. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 

Measure (correct,  ad jus t ,  assess,  ca l ibra te ,  ve r i f i ca t ion  
Micro (miniature, small, narrow 
Movement ( t ransport ,  t r anspor t ab i l i  ty, mobile, sh l  f t. dmamlcs, 

Multi (combine, synthet ic ,  many, cascade, mlxture 
Name (proper names - e. g., GeigerMuller  
Network ( c i r c u i t  
Operator (operatlon, human 
P a r t i c l e  (nuclear, atomic, electrons,  molecules 
Point  
Posi t ive (improvement 
Power (energy, s t rength,  voltage, force, tension 
Prac t ica l  (experimental, performance, method, malntenance 
Probabi l i ty  ( s t a t i s t i c s ,  random, chance, noise 
Propagate (mode 
Receive 
Record (photography, report ,  display, data, diagram, table ,  list 
Reverse ( loop,  response 
Sense (detect ,  detector ,  discriminate, s ens i t i v i ty ,  ind ica te  
Sequence ( ser les ,  1 te ra te ,  repeat,  group 
Solid (cube, c r y s t a l  
Sqiare (area, surface,  mean, f ie ld ,  plane 
Store  
Subtract ( f i l t e r ,  loss ,  corrode, negative 
Tele (dlstance,  range 
Temperature (heat, cold, hot,  freeze, melt, bol l ,  i c i n g  
Theoretical (study, analysis 
Time, (clocks, i n t e rva l  
T r a n s m i t  ( t e l l ,  inform, radiate ,  radiation, feed, warm, em1 t 
Valve (anode, cathode, C. R tube 
Vehicle 
Vision (see, visual ,  op t ics ,  light, observation 
Wave (wavelength, frequency, sp .ec tm,  ripple,  band, waveband 
Liquid 
Star ( so l a r  f la res .  prominences, ecl ipse,  meteors, sun 
Ratio ( r e l a t ion )  

displacement 
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